INTRODUCTION
H9N2 influenza A viruses have been distributing widely from East Asia to points in the Middle East, Europe, and Southern Africa [1] [2] [3] . H9N2 influenza A viruses were also isolated from humans in 1999 and 2003 [4, 5] . The H9N2 viruses isolated in 1999 shared common internal gene components with the H5N1 influenza A viruses from 1997 that were lethal to humans in Hong Kong [6] . These H5N1 viruses were considered to be genetic reassortants generated from two or three viruses, including the H9N2 virus [7] . Of importance is the fact that recognition of human-like receptor specificity by recent H9N2 viruses in Asia could have facilitated direct transmission to humans [8] . Thus, H9N2
viruses along with H5N1 viruses are high on the list of candidates that could potentially cause a future human influenza pandemic.
However, since its first detection in southern China (i.e. A/goose/Guandong/1/96), the H5N1 influenza A virus has spread in Asian countries, where it is now enzootic and has caused multiple outbreaks in poultry [9, 10] . Among them, the isolation of an H5N1 virus from duck meat imported from China to Korea in 2001 raises the possibility of the introduction of viruses and transmission to humans from novel sources [11] . Given this possibility, the Japanese government decided in 2001 to halt the import of duck meat and to survey for the presence of the viruses in imported chicken products from China at the Animal Quarantine Service (AQS). During this process, H9N2 viruses and Newcastle disease viruses were isolated from chicken products such as meat and bone marrow.
In this study, we performed a genetic, antigenic, and pathogenic analysis of H9N2 viruses isolated from chicken products at the AQS in Japan in order to compare them with other influenza A viruses.
METHODS

Sampling and virus isolation
At the AQS in Japan, a total of 473 samples of frozen chicken meat and bone marrow collected between June 2001 and July 2002 were used for virus isolation. Briefly, applications were submitted to the AQS to import lots of chicken products (500-3000 cartons/lot under a single import application). One carton from each imported lot was randomly selected and tested for the presence of the influenza virus by sampling 1 g meat from each of 10 packages per carton, which was pooled and made into a 10% homogenate in phosphate buffered saline (PBS). The homogenates were then centrifuged at low speed (3000 g for 10 min) and the supernatants filtered through a sterile 0 . 45 mm membrane filter before inoculation into the allantoic cavity of embryonated specific pathogen-free (SPF) eggs. All isolates were identified as influenza A viruses of the H9N2 subtype by conventional haemagglutination inhibition (HI) and neuraminidase activity inhibition (NI) tests. Additionally, the H9N2 isolate, which was isolated in surveillance for imported chicken products at the AQS in 1997 (A/chicken/ Osaka/aq48/97), was also used in this study ( Table 1) . The H9 prototype A/turkey/Wisconcin/66 strain (Ty/ WI/66) and our previous isolates from imported parakeets, A/parakeet/Chiba/1/97 (Pa/Chiba/1/97) and A/parakeet/Narita/92A/98 (Pa/Narita/92A/98) [12] were also used in this study.
Antigenic characterization
All chicken antisera against Ty/WI/66, Pa/Chiba/1/ 97, A/chicken/Osaka/aq48/97 (Ck/Os/aq48/97) and A/chicken/Yokohama/aq55/2001 (Ck/Yo/aq55/01) were prepared in our laboratory according to a previously described method [7] . Briefly, 3-week-old SPF chickens were inoculated intranasally and orally with 0 . 1 ml allantoic fluid [y10 6 50 % egg infectious dose (EID 50 )]. The chickens were bled 3 weeks postinfection and boosted intravenously with 0 . 1 ml of infectious virus. HI and NI tests were performed according to standard procedures [13] .
Genetic and phylogenetic analysis
RNA extraction, RT-PCR, and sequencing of the PCR products were carried out as described previously [12] . PCR amplification of the coding regions of the viral gene segments was performed with gene-specific primer sets (sequences of the primers available upon request). The nucleotide sequences were analysed using version 12.0 of the sequence analysis software package GENETYX-MAC (Software Development, Tokyo, Japan). The nucleotide sequences obtained from this study are available from GenBank under accession numbers AB256663-AB256750. Multiple alignments were conducted by the Cluster X program [14] , and phylogenetic trees were constructed by the neighbour-joining (NJ) method as previously described [15] . Based on each phylogenetic analysis of each gene segment, the genotypes of the H9N2 viruses isolated from chicken products were compared with previously reported genotypes [2, 7, [16] [17] [18] . [19] , 6-week-old SPF chickens were used in this study. Eight chickens were inoculated intravenously with 0 . 2 ml of a 1 :10 dilution of infected allantoic fluid, and clinical signs were observed daily for 10 days. In addition, we performed an intracerebral inoculation test according to that for the Newcastle disease virus based on the guidelines established by the OIE [19] . Ten chickens were inoculated intracerebrally with 0 . 05 ml of a 1 :10 dilution of infected allantoic fluid and clinical signs were observed daily for 8 days.
RESULTS
Genetic and phylogenetic analysis
The HA genes of the H9N2 viruses isolated from chicken products belonged to the A/chicken/Beijing/ 1/94 (Ck/BJ/1/94) sub-lineage [ Fig. (a) ; phylogenetic trees of genes of influenza A viruses can be seen in the Figure on the Journal's website] as described by Li et al. [18] . The amino-acid sequence at the HA cleavage site of H9N2 isolates from chicken products possessed a PARSSR-GLF motif, which corresponded to low-pathogenicity viruses [1, 16, 20] . The amino acids at the receptor binding site of HA proteins are associated with differences in the receptor binding specificity [21] . Table 1 shows the amino-acid positions 183, 190, and 226 (numbering according to H3 HA). All H9N2 viruses isolated from chicken products possessed N at amino-acid position 183. Except for one strain (Ck/Os/aq48/97), all H9N2 viruses isolated from chicken products possessed L at amino-acid position 226. Five potential glycosylation sites in HA1 (11, 123, 200, 280 , and 287) were conserved in all H9N2 viruses isolated from chicken products (data not shown). The M genes of the H9N2 viruses isolated from chicken products also belonged to the Ck/BJ/1/94 sub-lineage [ Fig. (b) ] [18] . Resistance to the two types of influenza antiviral compounds (M2 ion channel blockers, e.g. amantadine and rimantadine, and NA inhibitors, e.g. oseltamivir and zanamivir [22] ) is associated with particular mutations. Viruses become resistant to amantadine through a single amino-acid substitution at positions 26, 27, 30, 31, or 34 in the transmembrane region of the M2 protein [23] . Two isolates, Ck/Os/19/01 and Ck/Yo/45/02, have the amino-acid substitution at position 30 (A to T) and 31 (S to N), and these substitutions confer resistance to amantadine in the M2 protein, respectively.
The NA genes of the H9N2 viruses isolated from the chicken products also divided into two sub-lineages (Ck/BJ/1/94-like and Ck/HK/G9/97-like) [18] [Fig.  (c) ]. Six isolates clustered with Ck/BJ/1/94-like viruses, which contain a three (at amino-acid positions 63-65) amino-acid deletion in the stalk region. The other five isolates clustered with Ck/HK/G9/97-like viruses, which do not contain a stalk deletion. Through a single amino-acid substitution at positions 119, 152, 274, 292 or 294 in the NA active centre [24, 25] , viruses can become resistant to oseltamivir. None of the amino-acid substitutions that were resistant to oseltamivir in the NA protein were found in the H9N2 viruses isolated from chicken products.
Phylogenetic analysis of the remaining gene segments of the H9N2 isolates from chicken products suggested that they were divided into six genotypes (temporarily designated I-VI) [ Fig. (d-h) , Table 1 ]. These sequences were compared with representative H9N2 viruses, including Ck/BJ/1/94, A/quail/ Hong Kong/G1/97 (Qa/HK/G1/97), A/chicken/Hong Kong/G9/97 (Ck/HK/G9/97), A/duck/Hong Kong/ Y280/97 (Dk/HK/Y280/97), A/chicken/Shanghai/ F/98 (Ck/SH/F/98), and some duck viruses isolated in Shantou, Guangdong Province in mainland China, reported previously by others [2, 7, [16] [17] [18] . Compared with the H9N2 genotypes that have been described (Table 1) , genotype I seemed to correspond to genotype A defined by Li et al. [18] . Genotypes III and VI seemed to correspond to genotypes Dk/ST/1605/01 and Dk/ST/1796/00 defined by Li et al. [2] respectively. Genotype V seemed to correspond to genotype H defined by Li et al. [18] . Genotype VI seemed to correspond to genotype F defined by Li et al. [18] . The remaining genotype II seemed to be a novel genotype in which the PB1 belonged to the Ck/BJ/1/94 lineage, with the other seven segments corresponding to genotype I as defined by Li et al. [18] .
Antigenic analysis
Antisera against the H9N2 isolates from chicken products imported from China reacted with all tested strains within the threefold dilution of the homologous HI titres ( Table 2 ). The reactivity of the H9N2 isolates from chicken products to antisera against the H9 prototype Ty/WI/66 was diverse. However, antisera against Pa/Chiba/1/97, which belongs to the Qa/HK/G1/97 lineage [12] , reacted with most tested strains except Ck/Yo/aq55/01, with the fourfold dilution lower than the homologous HI titres.
NI tests revealed that the antisera against the H9N2 isolates from the chicken products imported from China also reacted with most tested strains within the threefold dilution of the homologous NI titres (Table 3) . Differing from the results of the HI tests, the antisera against Pa/Chiba/1/97 reacted with all tested strains within the threefold dilution of the homologous NI titres. The antisera against the H9 prototype Ty/WI/66 reacted with most H9N2 isolates from chicken products, with the fourfold dilution being lower than the homologous NI titres.
Pathogenicity tests
The three H9N2 isolates from chicken products were not judged as highly pathogenic for chickens by the OIE guidelines, since none of the chickens died and no clinical signs were observed in the inoculated chickens. In the intracerebral inoculation tests, only one chicken inoculated with Ck/Ko/aq26/01 died during the observation period. The range of values of the intracerebral pathogenicity index of the tested viruses was 0 . 00-0 . 2, which showed low pathogenicity to chickens.
DISCUSSION
We characterized the H9N2 isolates from chicken products imported from China. The HA of these H9N2 viruses seemed to be antigenically diverse, but the NA seemed to have a close relationship with one another. The amino acids of the receptor binding sites in HA are similar to those affecting humans. Almost all viruses possess L at position 226, which is identical to the human H2 and H3 strains [8] . L at position 226 binds to the Neu Aca2,6 Gal linkage, whereas that possessing Q 226 binds to the Neu Aca2,3 Gal linkage [26] . These results suggested that the recent H9N2 viruses might be candidates for a pandemic influenza outbreak in humans. This surveillance of chicken products imported from China was conducted from 2001 to 2002, and the H9N2 viruses were isolated from 17 (2 . 7%) of 621 samples at a comparatively high frequency. This suggests that such contaminated chicken products could be a potential source for the introduction of avian influenza viruses into other countries. The pathogenicity index indicates that the H9N2 viruses isolated from chicken products were of low pathogenicity to chickens, and the reason for the frequent isolation of low-pathogenic H9N2 viruses from chicken products in this study was not completely understood. In outbreaks of the H9N2 virus in Iran, a mixed infection caused severe clinical features with bacteria or mycoplasma [27] . In addition, Kishida et al. revealed that co-infection with Streptococcus or Haemophilus increased the virulence of H9N2 viruses in chickens [28] . Hence, the same secondary pathogens may be related to severe pathogenicity and isolation of the virus from novel sources such as chicken products.
So far, the prevalence of multiple H9N2 genotypes in mainland China has been reported [2, [16] [17] [18] . Previously, Liu et al. showed that all eight segments of H9N2 viruses isolated in China between 1995 and 1999 genetically belonged to Ck/HK/G9/97 lineages [20] . Thereafter, multiple genotypes of the H9N2 viruses have been generated from complicated reassortment with various viruses [18] . In this study, the multiple genotypes of H9N2 viruses, which include the genotype isolated from only duck [2] , were detected in chicken products imported from China. Interestingly, most genotypes of the poultry products originated from only one province ; genotype III only in Shandong, IV from Liaoning, V only in Shanghai, and VI only in Jilin. In contrast, genotype I originated from Shanghai and Shandong and genotype II from Shenzhen or Jilin. This may suggest that there is a prevalent genotype in each province, and that it may be related to the emergence of novel genotype H5N1 viruses [2, 6] .
The amino-acid substitutions, which confer resistance to amantadine in the M2 region [23] , were detected in two isolates (Ck/Os/aq19/01 and Ck/Yo/ aq45/02 isolated in Shenzhen and Shandong respectively). These isolates were obtained from chicken products with an unknown history of amantadine antiviral therapy. As previously suggested [18] , this mutation may be the result of the application of amantadine for avian influenza treatment, and there may be a wide distribution of this resistant strain to these drugs in mainland China. Continuing surveillance of avian influenza viruses in this region is needed.
